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Abstract Inflammatory bowel disease (IBD) is a chronic inflammatory disorder which encompasses 

two forms of intestinal inflammation: ulcerative colitis and Crohn's disease. It is reported that 
inflammation, carotid intima media thickness, homocysteine and insulin resistance, parameters 
that are all associated with atherosclerosis, are increased in IBD. On the contrary, it seems that 
IBD patients exhibit low levels of low density lipoprotein cholesterol and total cholesterol. This 
review highlights the lipid profiles that occur in IBD patients and summarizes data of studies 
using regimens that may affect lipid metabolism in these patients. 
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Introduction 

Inflammatory bowel disease (IBD) represents a chronic 
inflammatory disorder of the intestine, generally classified 
by histopathological and clinical features into two major 
entities: Crohn's disease (CD) and ulcerative colitis (UC). 
UC is characterized by recurring episodes of inflammation 
limited to the mucosal layer of the colon; it almost invari- 
ably involves the rectum and may extend in a proximal 
and continuous fashion to involve other portions of the 
colon [1]. CD is characterized by transmural rather than 
superficial mucosal inflammation and by skip lesions rather 
than continuous disease [2]. The transmural inflammation 
often leads to fibrosis and to obstructive clinical presenta- 
tions (not typically seen in UC), and can result in sinus tracts 
that burrow through and penetrate the serosa, giving rise to 
microperforations and fistulae. CD can occur throughout 
the gastrointestinal tract, most commonly in the terminal 
ileum and colon [2]. It is believed that IBD develops when 
intestinal microvascular endothelial cells are damaged by an 
abnormal immune response resulting in chronic intestinal 
inflammation [3]. Genome-wide association studies have 
firmly established that many genomic loci contribute to IBD, 



especially in CD. These studies have recently established the 
importance of the interleukin 23 and autophagy pathways 
in disease pathogenesis [4,5]. 

Several studies have reported that inflammation, carotid 
intima media thickness (cIMT), homocysteine and insulin re- 
sistance, parameters that are all associated with atherosclerosis, 
are increased in IBD [6-10]. In addition, some studies have 
discussed whether IBD is a risk factor for early atheroscle- 
rosis or not [6,10,11]. Furthermore, a study in patients with 
enterocutaneous fistulae howed that IBD is an independent 
predictor of hypertriglyceridemia [12]. Moreover, another 
study observed the prevalence of hypocholesterolemia in a 
hospital population [13]. This study concluded that IBD was 
one of the disorders where hypocholesterolemia was more 
commonly seen [13]. Long et al showed that approximately 
one in five children with CD and one in three with UC are 
overweight or obese and that obese IBD patients may have 
a more severe disease course, as indicated by increased need 
for surgery [14]. 

Herein, we present the available data with reference to the 
lipid profiles of patients suffering from IBD and summarize 
data regarding regimens that may affect these parameters in 
IBD patients. 
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Methods 

We searched PubMed for eligible articles published from 
January 1970 to March 2011 using combinations of the fol- 
lowing free-text keywords: inflammatory bowel disease, 
ulcerative colitis, Crohn's disease, total cholesterol, low density 
lipoprotein cholesterol, high density lipoprotein cholesterol, 

www.annalsgastro.gr 
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triglycerides, dyslipidemia and atherosclerosis. We performed 
a stepwise approach as we broke our research into different 
parts and combined them at the end. Randomized controlled 
trials, original papers, review articles and case reports are 
included in the present review. References of these articles 
were scrutinized for relevant articles. Language restrictions 
were not used. 



Results 

Studies evaluating lipid profile in IBD patients 

In a recent retrospective study of Sappati et al lipoprotein 
profiles in an IBD patient population were described [15]. 393 
patients with IBD (241 females, 190 CD patients) were com- 
pared with those of National Health and Nutrition Examina- 
tion (NHANES) Survey 2005-2006 population database. This 
study showed that IBD patients exhibit lower total cholesterol 
(TCHOL) and high density lipoprotein cholesterol (HDL-C) 
levels while, on the other hand, low density lipoprotein cho- 
lesterol (LDL-C) levels were greater when compared with 
NHANES data patients [15] (Table 1). 

In another study, serum concetrations of TCHOL, LDL-C 
and HDL-C were evaluated in 24 patients with active CD at 
days 0, 3, 14 and 28 [16]. At day 0 patients received mesala- 
zine per os 4 g per day and intravenous corticosteroids. In 
addition, vitamin E, antibiotics and treatment of symptoms 
were used. Hrabovsky et al showed that the levels of TCHOL, 
LDL-C and HDL-C at day 0 and 3 were significantly lower 
when compared with control group [16] (Table 1). On the 
contrary, there was no significant difference at days 14 and 
28 in comparison with the control group. Moreover, markers 
of cholesterol synthesis and absorption, that can indicate the 
dominant process in cholesterol acquisition and its degree, 
were examined: plasma lathosterol and campesterol levels 
were significantly lower in active CD patients when compared 
with control group. There were no significant differences in 
sitosterol and squalene levels between active CD patients 
and controls [16]. 

A study in 40 IBD patients (8 patients with CD) concluded 
that IBD patients have an increased risk of early atherosclerosis 
as these patients exert greater values of cIMT (p=0.01), carotid 
artery stiffness (p=0.03), homocysteine (p=0.05), hsCRP 
(0.02) and insulin resistance (p=0.03) when compared with 
control patients. However, this study showed no significant 
difference between IBD patients and controls as far lipid 
profile is concerned [10] (Table 1). 

Similar results and conclusions were made in another study 
where cIMT was significantly higher in patients with IBD in 
comparison with healthy subjects (p=0.008) [7] (Table 1). 

Significantly lower levels of TCHOL and LDL-C were 
observed in 94 patients with active IBD (34 with UC and 60 
with CD) when compared with healthy subjects [17] (Table 
1). On the other hand, there were no significant differences 
in HDL-C and triglycerides (TG) between IBD and control 



subjects. In this study, the percentage of palmitic acid (16:0) 
was higher in the UC patients while that of stearic acid (18:0) 
was lower in both UC and CD patients when compared 
with the healthy subjects. In addition, TCHOL values were 
inversely correlated to the number of bowel movements in 
all IBD patients but directly correlated with body mass index 
(BMI) only in UC patients. LDL-C and apolipoprotein (apo- 
B) levels were directly correlated to BMI in the UC patients, 
while LDL-C was inversely related to the number of bowel 
movements in the CD patients [17]. 

Interestingly, another study showed that, in subjects 
with active IBD, inflammation led to alterations in lipid, 
apolipoprotein (apo), and lipoprotein profiles and reduced 
cholesterol efflux [18]. In brief, TCHOL, HDL-C, (apo) A-I, 
apoC-III, phospholipid, and phospholipids not bound to 
apoB levels were significantly lower, whereas serum triglyc- 
eride, serum amyloid A and C-reactive protein levels were 
significantly higher in patients with active IBD in compari- 
son to controls (Table 1). Ripolles Piquer et al suggested 
that their results are similar to those proposed to promote 
atherogenesis and may contribute to the development of 
cardiovascular events [18]. 

A Greek study population showed alterations in lipid 
profile in 129 patients with IBD (63 CD patients) in compari- 
son with 66 healthy controls [19]. More specifically, patients 
with CD had significantly lower TCHOL and LDL-C levels 
than both controls and UC patients (p<0.05 and p<0.001, 
respectively) (Table 1). Mean levels of HDL-C and TG were 
not significantly different between the three groups. Moreover, 
the concentrations of apoA-1 and apoB-100 in CD patients 
were significantly lower compared to controls (p=0.005 and 
p=0.001, respectively), while only apoB-100 levels in UC pa- 
tients were significantly lower compared to controls (p=0.005). 
In addition, the ratio of apoB- 100/apoA-l was not significantly 
different between the three groups [ 19] . Finally, in CD patients, 
mean serum lipoprotein (a) levels were significantly higher 
compared to healthy controls (p=0.005). The differences in 
lipoprotein (a) levels between UC and control subjects did not 
reach significance. Elevated levels of lipoprotein (a) of more 
than 30 mg/dL were found in 29 CD patients (46%), 15 UC 
patients (23%) and 11 controls (17%) [19]. Koutroubakis et 
al suggested that these elevated levels of lipoprotein (a) in CD 
patients may expose them to a higher risk of thrombosis [19]. 

In another study of the same group, serum homocysteine 
levels were higher in patients with UC and CD in comparison 
with healthy controls (Table 1) [20]. 

In a case report, it was suggested that the presence of 
hyper-lipoprotein (a) [Lp(a)] -emia and small vessel thrombus 
formation maybe associated with the development of UC [21] . 

In 22 pediatric CD patients, Levy et al examined the lipid 
profile, the lipoprotein composition and the oxidant-antioxidant 
status [22] . TCHOL and LDL-C were significantly lower in CD 
patients compared with controls (p<0.02), whereas TG levels 
were significantly higher in CD patients in comparison with 
control subjects (p<0.005). Plasma apoB (p< 0.02) and A-I 
(p<0.02) levels were also lower in CD patients. In addition, 
lipoprotein composition was altered in CD patients, with relative 
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Table 1 Lipid profiles of IBD patients 



Authors (year) 


Study population 




Mean values (mg/dL) 
TCHOL TG 


nUL 


Sappati et al.[15] 


241 female patients 


113.2* 


179.7* 


111.8 


51.4* 


(2010) 














152 male patients 


121.1* 


1 Q1 Q# 
iol.O 


1 It 1 


44.9* 


Hrabovsky et al. [ 16] 


24 patients with active CD 


65.8" 


128.3 & 


- 


36.5 & 


(2009) 












Dagli et al.[10] 


40 patients 


118.9 


181.8 


136 


45.9 


(2010) 












Romanato et al.[17] 


34 patients with active UC 


93* 


IDJ 


1 14 


49 


(2009) 














60 patients with active CD 


91* 


161* 


98 


51 


Ripolles Piquer et 


1 5 patients with active IBD 


93 


lOZ 




47.8* 


al.[18] (2006) 














6 patients with quiescent IBD 


96 


171 




53.5 


Koutroubakis et 


66 patients with UC 


144.9 


215 6 


110 8 


50.3 


al.[19] (2001) 














63 patients with CD 


110.8 $ 


182 05 + 


122 1 


47.3 


Koutroubakis et 


53 patients with UC 


145.1 


216 


111.04 


50.12 


al.[20] (2000) 














56 patients with CD 


110.6* 


182.05 + 


120.65 


47.16 


Papaetal.[7] (2005) 


34 patients with UC 


84 


142 


114 


43 




18 patients with CD 


82 


139 


110 


41 


Aozaki[25] (1989) 


9 patients with active CD 


277.8 + 


124.1 + 


91.4 


32.7 + 




5 patients with inactive CD 


280.4 + 


128.6 + 


71.8 


36.6 + 



"greater levels, p<0.05 when compared with NHANES data patients; "lower levels, p<0.05 when compared with NHANES data patients; Hower levels, p<0.05 
for LDL-C and HDL-C and p<0.001 for TCHOL when compared with control group at day 0; 'lower levels, p<0.001 when compared with healthy subjects, 
*lower levels, p<0.05 when compared with healthy subjects 

LDL-C, low-density lipoprotein cholesterol; TCHOL, total cholesterol; TG, triglycerides; HDL-C, high density lipoprotein cholesterol; CD, Crohn's disease; UC, 
ulcerative colitis; IBD, inflammatory bowel disease; NHANES, National Health And Nutrition Examination Survey 



TG depletion and protein enrichment in very low density lipo- 
protein ( VLDL). In contrast, intermediate-density lipoprotein 
of CD patients was characterized by an increased percentage 
of TG and protein (P < 0.005) and a reduced proportion of 
phospholipids (p<0.01). Furthermore, abnormalities were 
observed in the chemical distribution of HDL2 and HDL3 
moieties. Lipid peroxidation was documented by higher plasma 
malondialdehyde concentrations in CD patients (p<0.05), 
accompanied by lower retinol concentrations (p<0.02) [22]. 

Capristo et al examined the metabolic features of 34 
IBD patients in remission (18 patients with CD) [23]. They 
concluded that CD patients showed a decreased fat mass 



and enhanced utilization of lipids when compared with UC 
patients and controls. These results are probably due to the 
larger intestinal involvement in CD [23]. 

Stadnicki et al suggested that plasma lipid changes are 
not an independent risk factor for vascular complication in 
UC [24]. 

Finally, Aozaki suggested that abnormal lipid metabolism 
in patients with CD instead of Crohn's disease led to a decrease 
in membrane fluidity and hence an alteration in membrane 
functions, not only in erythrocytes but also in other cells, 
and thus is related to the pathological status of the disease 
[25] (Table 1). 
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Lipid profiles after bowel resection 
in IBD patients 

In CD patients, whose medical therapies have failed to 
produce a satisfactory response to treat complications, the 
predominant role for surgery is clear [26] . In addition, restor- 
ative proctocolectomy with ileal pouch-anal anastomosis is 
the first choice for the elective surgical treatment of patients 
affected by UC [27]. 

A prospective study in 24 patients who had intestinal 
surgery for CD showed that inflammatory status, impaired 
intestinal adsorption and bowel resection may have an im- 
pact on lipid metabolism [28]. More specifically, during the 
follow-up, only an increase in HDL-C (p=0.02) without any 
other modifications in the plasma phospholipid fatty acids 
(FA) composition were in evidence after surgery. On the other 
hand, significantly higher levels of TCHOL (p<0.01), HDL-C 
(p=0.01), and LDL-C (p=0.01) were observed in patients in 
remission compared with those with recurrent active CD [28]. 

In another retrospective study, in 15 patients with UC after 
restorative proctocolectomy TCHOL and LDL-C levels were 
significantly lower than in healthy subjects (p<0.01 andp=0.05, 
respectively) [29] . Significantly lower levels in those parameters 
were observed in patients with UC at ileostomy closure when 
compared with healthy subjects. Interestingly, there was a sig- 
nificant difference between LDL-C and HDL-C levels between 
patients with UC at proctocolectomy and at ileostomy closure 
(HDL-C: from 43 to 56 mg/dL, p<0.01 and LDL-C: from 101 to 
52 mg/ dL, p=0.0 1 ) [29] . The authors suggest that the reduction 
in instead of LDL-C is an index of malabsorption probably due 
to the accelerated transit and to the exclusion of the terminal 
ileum caused by the covering ileostomy [29]. 

High and low-fiber diets were tested in 10 UC patients 
after proctocolectomy [30]. The fasting plasma free- cholesterol, 
TCHOL, TG and phospholipids were significantly higher 
when the subjects were on the low-fiber diet than on the 
high-fiber diet with the nibbling regimen (meal frequency: 
7 times/day). On the contrary, high-fiber diet decreased 
insulin secretion [30]. 

Kuisma et al concluded that long term metabolic conse- 
quences after ileal pouch-anal anastomosis in UC patients 
are influenced by severity of inflammation, grade of villous 
atrophy, and extent of the disease in the remaining ileum [31]. 
In addition, these patients require long-term follow-up after 
ileal pouch-anal anastomosis for UC [31]. 

In 24 UC patients with ileal anal anastomosis serum 
TCHOL and LDL-C levels were significantly lower than con- 
trols (p<0.001), whereas those of VLDL and HDL cholesterol 
were similar to those of controls. Serum levels of TG were also 
noticeably reduced (p<0.05) [32] . This study concluded that 
cholesterol absorption is significantly impaired in patients 
with an ileal anal anastomosis, and is closely related to changes 
in serum and biliary lipids observed in these patients [32]. 

Plasma concentrations of TCHOL, LDL-C, and apoB 
decreased significantly, whereas plasma concentrations of 
total TG and VLDL triglycerides increased significantly in 12 
patients with UC after ileal anal anastomosis [33]. The authors 



suggested that exclusion of about 95 cm of the ileum leads to 
an apparent selective malabsorption of bile acids [33]. It has 
been suggested that in patients with CD after ileum resec- 
tion, malabsorption of bile acids leads to parallel stimulation 
of cholesterol synthesis, cholesterol degradation, and LDL- 
receptor expression in human liver [34]. The resulting effect 
in these patients was a significant reduction in LDL-C [34]. 



Treatment affecting lipid metabolism 
in IBD patients 

Dietary intervention 

Several studies have evaluated the effect of dietary in- 
tervention on IBD patients. Kawakami et al suggested that a 
diet restricting the intake of linoleic acid and supplemented 
with eicosapentanoic acid and antioxidative vitamins may 
be recommendable for the management of UC patients [35]. 

Tanaka et al showed that a decreased ratio of n-6 to n-3 
polyunsaturated fatty acid was associated with a poor prog- 
nosis in CD patients [36]. This group suggested that effec- 
tive prevention of relapse for CD patients might be achieved 
through moderate dietary temperance, particularly when the 
disease condition is unstable [36]. 

Another study suggested that hydrothermally processed 
cereals can induce antisecretory factor production in human 
IBD [37]. Although this diet significantly improved subjective 
ratings of clinical symptoms and increased plasma antisecre- 
tory factor levels compared with placebo, it did not affect 
plasma lipid levels [37]. 

A study showed that patients with inactive ileal CD had 
significantly higher diet-induced thermogenesis and lipid 
oxidation rate than do healthy volunteers [38]. Mingrone 
et al results may explain why CD patients have difficulty 
maintaining adequate nutritional status, and the findings 
also suggest that a diet relatively rich in fat may attain better 
energy balance [38]. 

Omega 3 Fatty acids 

Omega-3 fatty acids mainly reduce TG concentration, 
but they exert many other anti-atherosclerotic properties 
[39]. Numerous prospective and retrospective trials from 
many countries have shown that moderate fish consumption 
decreases the risk of major cardiovascular events, such as 
myocardial infarction, sudden cardiac death, coronary heart 
disease, atrial fibrillation, and most recently, death in patients 
with heart failure [39,40]. 

It has been observed that, in patients with CD, there was 
a significant depletion of omega 3 fatty acids and that this 
decrease was greater in patients with more active disease [41]. 
In this context and considering the fact that omega 3 fatty 
acids have an anti-inflammatory effect, a lot of trials have 
examined the effect of omega 3 fatty acids supplementation 
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on IBD. These studies showed controversial results since 
some of them found that omega 3 fatty acids delayed the 
first episode of relapse in UC and CD, while on the other 
hand, other studies found no benefit for the maintenance of 
remission [42-45]. 



Statins 

Statins are hypolipidaemic drugs exerting beneficial 
effects for primary as well as for secondary prevention for 
the development of cardiovascular disease [46, 47]. These 
drugs may even protect the vasculature in the early stages of 
atherosclerotic disease [48]. Furthermore, statins improve 
survival and reduce the risk of major cardiovascular and 
cerebrovascular events in people with or without established 
cardiovascular disease [46-52]. Interestingly, it has been ob- 
served that long-term statin use was associated with reduced 
risk of colorectal cancer in patients with IBD [53]. 

Grip et al showed that 80 mg of atorvastatin reduced 
plasma chemokine (CXCL10) levels in 10 patients with CD 
after 1 3 months of treatment [54] . The authors suggested that 
this reduction by atorvastatin may represent a candidate for 
an approach to the treatment of CD in the future. In addition, 
The same team showed that atorvastatin therapy reduces 
inflammation in patients with CD and, therefore, suggested 
further investigations of statin-mediated protective effects 
in IBD [55]. Moreover, in an older study, Grip et al found 
that CD patients have increased plasma levels of certain 
proinflammatory biomarkers, such as tumor necrosis factor 
(TNF)-a, monocyte chemoattractant protein 1 and oxidized 
LDL [56]. Furthermore they suggested that treatment with 
atorvastatin maybe a potential strategy to reduce oxLDL and 
inhibit monocyte migration to inflamed tissue, in order to 
attenuate the inflammatory response [56]. 

Infliximab 

Infliximab is an anti-TNF-a agent and is the most widely 
used biological therapy for IBD. Several studies have evaluated 
the effects of infliximab in lipid profile and insulin sensitivity 
in different study populations such as rheumatoid arthritis 
and ankylosing spondylitis [57-62]. However, the effect of 
infliximab therapy on lipid profiles in patients with IBD has 
not been adequately examined. 

In a prospective study, lipid profile was assessed in 1 1 1 CD 
patients receiving infliximab infusions every 8 weeks, with 
a mean follow-up of 41 weeks [63]. There was a significant 
increase in TCHOL and HDL-C levels (p=0.02 and p=0.008, 
respectively) over time during infliximab maintenance therapy, 
while, on the other hand, no significant changes in LDL-C 
and TG levels were observed throughout the study [63]. 
The authors concluded that infliximab induction therapy is 
associated with a significant increase in abdominal fat tissue 
in CD patients and that infliximab maintenance therapy has 
no deleterious effects on lipid profile [63]. In addition, inf- 



liximab therapy was accompanied by a decrease in glycemia 
and HbAlc concentrations, probably by reversing the impair- 
ment of TNF-induced insulin-mediated glucose uptake [63] . 

Similar results were shown in another study, where inflix- 
imab therapy in 22 IBD patients led to a significant increase 
in TCHOL, HDL-C and apoAl levels after 14 weeks, while 
no difference was observed in TG, LDL-C, apoBlOO and 
lipoprotein (a) levels [64]. 

Metronidazole 

Some studies have shown a lipid lowering effect of met- 
ronidazole [65,66]. Indeed, administration of 400 mg of 
metronidazole in 5 CD patients led to a 20% reduction in 
TCHOL levels after one year of treatment [66]. 

Parenteral nutrition 

In 12 patients with IBD, the effect of parenteral nutrition 
with 20% glucose, 4.25% amino-acids and 10% intralipid 
for 3 weeks on plasma lipids was investigated [67]. At the 
end of the 3rd week TCHOL and phospholipids were sig- 
nificantly increased (p<0.03 and p<0.01, respectively) while 
LDL-C and HDL-C were significantly lowered (p<0.01 and 
p<0.005, respectively) [67] . The authors suggest that patients 
undergoing long-term treatment with glucose and intralipid 
should be closely monitored for the occurrence of dyslipo- 
proteinemia [67]. 

After 3 months of home parenteral nutrition with two 
lipid emulsions, no change has been observed in plasma lipid 
concentration. However, some modifications were observed 
in the composition of lipoprotein fractions demonstrating a 
redistribution of lipid components [68]. 



Conclusion 

IBD patients exhibit lower levels of LDL-C and TCHOL 
compared to healthy subjects with that finding being more 
profound in CD than UC patients. In addition, no signifi- 
cant alterations have been reported in these patients as far 
as HDL-C and TG levels are concerned. These findings 
remain stable independently of disease activity and are also 
observed post-operatively. Moreover, IBD patients exhibit 
lower levels of LDL-C even after intestinal resection. Hy- 
pocholesterolemia is a common feature in patients with 
various types of acute disease, including surgery, trauma, 
burn injury and sepsis [69] . It has been related to severity of 
illness [70]. Chemokine production could affect lipoprotein 
metabolism and might in part be held responsible for lipid 
derangements in patients with IBD. However, more large-scale 
and epidemiological studies should be carried out in order 
to reach more robust conclusions about the lipid alterations 
reported in IBD patients. 
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